receptor-targeted PET/CT is a highly effective approach in assessing the resectability of well-differentiated NELM due to very high specificity (and high sensitivity) and its ability to detect small volume extrahepatic disease; this molecular imaging modality is becoming increasingly available in and outside Europe after the recent approval of 68 68-DOTATATE in the US. In addition, the information from multiphase, contrast-enhanced CT with 3D reconstruction -obtained concurrently with the information on somatostatin receptor expression of the metastases -is very helpful in planning the extent and type of resection of NELM. ) in detecting neuroendocrine liver metastases (NELM), assessing vascular and biliary involvement, and the presence of extrahepatic disease. MR imaging is superior for depicting NELM compared to US, CT, and somatostatin receptor scintigraphy. Diffusion-weighted MR imaging is more sensitive for detecting NELM than both T2-weighted and dynamic gadolinium-enhanced MR sequences, and should be systematically performed. Similarly, gadoxetic acid-enhanced MR imaging is more sensitive for detecting liver metastases than conventional extracellular gadolinium chelate-enhanced MR sequences. Its role in detecting NELM remains investigational but appears promising. Somatostatin
curative intent. Surgery has been shown to be the most effective treatment option for the majority of well-differentiated NELM, although it has never been compared to other treatment modalities in a prospective randomized trial [1] . When surgery is considered, the assessment of tumor resectability is mainly based on imaging. Yet, the question of which morphological and functional imaging method(s) should be used to detect liver metastases, and therefore decide if they are amenable for complete resection, has not been extensively discussed. Thus, the aim of this review was to address this hitherto underevaluated but important clinical question.
Background
Approximately 30-80% of patients with NET originating from the gastroenteropancreatic system (GEP NET) will develop synchronous or metachronous liver metastases. Hepatic metastases constitute the most important prognostic factor, as historical 5-year overall survival rates are around 50% for those with, compared to 70-80% for those without liver involvement [2] [3] [4] [5] . Importantly, not only the presence, but also the extent of liver involvement is crucial; it is therefore important to identify the exact number and size of liver metastases, their proximity to vascular and biliary structures, and the volume of the anticipated future liver remnant. Historical data have suggested that the 5-year survival rate in patients with fewer than 5 liver metastases is approximately the same as in those with apparently no metastases (73 vs. 79%), whereas those with more than 5 lesions have a 5-year survival rate of 47% [6] . Three different morphological patterns of liver infiltration by neuroendocrine metastases have been identified; these have an impact on both the therapeutic approach and overall survival [7] : (a) "simple pattern" is defined as the presence of a single liver metastasis irrespective of the size and location; (b) "complex pattern" defined as the presence of liver metastases with one lobe primarily affected but with smaller satellite lesions in the other; and (c) "diffuse pattern" defined as the presence of multifocal liver metastases. The latter represents 60-70% of cases, which are not usually surgically treated [7] .
It has been suggested that surgical resection can improve prognosis and quality of life in selected cases despite high recurrence rates following resection [8] [9] [10] [11] [12] . This is why it is considered the best therapeutic option when possibly achievable, and in fact is the only potentially curative approach. As a consequence, one of the most important facets of the diagnostic workup in NET patients is to accurately assess the extent of metastatic disease. Several imaging techniques with a broad range of sensitivities and specificities have been employed in this regard based on local availability and expertise [13] . The use of sensitive imaging tools is mandated for the detection of extrahepatic disease for assessing the appropriateness of resection of NELM, i.e. the oncological resectability.
Notably, some patients may undergo surveillance before any treatment decision, and others -typically those with multiple, bilobar liver metastases -may benefit from nonsurgical procedures including somatostatin analogues, liver-directed interventional radiology (percutaneous ablation, or intra-arterial therapies), peptide receptor radionuclide therapy or drugs targeting specific pathways (e.g., mTOR inhibitors) [14] [15] [16] [17] . The choice will depend on the tumor burden, the presence or lack of extrahepatic disease, imaging-detectable biological characteristics of tumors (e.g., vascularization, proliferation rate, differentiation, fixation of somatostatin receptor [SSTR]-targeted tracers), and on the performance status of the patient. Clearly, the radiological interrogation of various aspects of tumor biology in individual patients may predict biological behavior and suitability for the aforementioned therapeutic strategies. However, although such imaging is an important aspect of NELM management in general and indeed connected to the assessment of the resectability of NELM, this is outside of the scope of the present review.
Detection of Liver Metastases
Ultrasound and Contrast-Enhanced Ultrasound On ultrasound (US), the appearance of NELM is variable, potentially with hypoechoic, isoechoic, hyperechoic, or heterogeneous with mixed hyper-and hypoechoic patterns. In the series of Mork et al. [18] , the latter was the most common pattern and was observed in 61% of the cases, including some metastases that had a central cystic portion. Less often, NELM may appear hypoechoic (21%) or hyperechoic (18%). In another series, the most common pattern of hepatic metastases (48%, 23/47 patients) was the hypoechoic one [19] . The mixed hyper-and hypoechoic pattern is much more often seen in NELM than in other hepatic secondaries [18] . The central cystic appearance is also highly characteristic of NELM [18] . Hyperechoic metastases should not be confused with hemangiomas, classically described as hyperechoic lesions.
However, and importantly, if the latter is true in patients with no history of cancer, and it should be applied with caution in oncological patients.
Another characteristic finding of liver metastases from GEP NET is the hypervascularity on color Doppler imaging, which delineates them (66 vs. 16%) from liver metastases derived from other malignancies [18] . Similarly, the vast majority of NELM show a pronounced arterial enhancement, either homogeneously or peripherally on contrast-enhanced US (CEUS) using Sonovue (Bracco) (78-86%), whereas most other liver metastases (82%) are hypoechoic during the arterial phase [18, 19] . Interestingly, in the series of Mork et al. [18] diffuse arterial enhancement was never observed in the latter class of lesions. As in other liver metastases, NELM are hypoechoic during the portal venous phase, but this finding is observed in only 40-88.6% of the cases [18, 19] . In the delayed phase, most NELM are hypoechoic [19] .
NELM often show characteristic findings on conventional US and CEUS. These findings are likely due to the different vascular characteristics when compared to liver metastases of other primaries.
However, confusion of highly vascularized liver metastases with hemangiomas is not uncommon and may delay the diagnosis of a NET significantly. Other imaging techniques, especially magnetic resonance imaging (MRI) should be considered to differentiate between the two [20, 21] .
The use of contrast-enhanced sonography has been shown to both increase diagnostic confidence and improve the staging of NELM from GEP NET [19, 22] , as the areas under the receiver operating characteristic curves related to the diagnostic confidence ranged from 0.916 for baseline B-mode sonography to 1.000 for contrast-enhanced sonography in a series of 38 patients with pancreatic NET ( p < 0.05). All the liver lesions that were correctly classified as metastatic were hypoechoic in the late-phase images [22] .
In a series of 30 patients with NET who were prospectively investigated with US, CEUS, and MRI, 17 had a total of 69 hepatic metastases. CEUS improved the detection of individual liver metastases from 47 to 68 compared to unenhanced ultrasound (Se 68% vs. 99%, p < 0.0001) [19] . Moreover, CEUS was shown to increase lesion specificity. Two false-positive lesions on conventional ultrasound were correctly classified as benign on CEUS and were confirmed as liver hemangiomas [19] .
CEUS depicts significantly more NELM than conventional ultrasound, but it is not part of the clinical practice.
Computed Tomography
In 1987, Wank et al. [23] reported a per-patient sensitivity and specificity of computed tomography (CT) for depicting NELM in a series of 61 patients with ZollingerEllison syndrome of 72 and 98%, respectively. In this series, tumor depiction was related to the size of the lesion: no metastasis smaller than 1 cm was seen on CT, while most of the metastases larger than 1 cm were identified (3 out of 4 metastases between 1 and 3 cm, and 10 out of 12 metastases larger than 3 cm) [23] .
Since these early promising results, CT technology has dramatically improved. Initially, it was demonstrated that multiphasic helical CT using a hepatic artery dominant phase acquisition and a portal venous phase acquisition is more efficacious than conventional CT using a single portal venous phase technique in detecting hypervascular hepatic neoplasms, both primary and metastatic [24, 25] . Subsequently, multirow detector CT scanners have allowed improvements in z axis coverage speed and longitudinal resolution. These improvements translate into rapid hepatic imaging using smaller slice thicknesses [26] .
In a series of 6 patients with NET, the arterial CT phase detected a total of 17 liver metastases compared with 9 seen in the portal venous phase [27] . Among the liver metastases, 8 deposits ≤ 5 mm in size were detected on arterial CT phase, whereas only 3 were seen on portal venous phase [28] . Paulson et al. [29] have evaluated the detection of proven liver metastases from midgut NET on triple-phase helical CT in 31 patients including unenhanced, hepatic arterial-dominant, and portal venous-dominant phases. The mean numbers of liver metastases from the pooled data were 194, 202, and 209 on unenhanced, hepatic arterial-dominant, and portal venous-dominant phases, respectively. The vast majority of liver metastases of midgut NET were shown to be hypoattenuating (91%) on unenhanced images, whilst the remainder had mixed attenuation. Their appearance was more variable on hepatic arterial-dominant phase: 44 were hyperattenuating, 33 were hypoattenuating, and 24 had mixed attenuation. Most of them (77%) were hypoattenuating on portal venous-dominant phases, whereas 20% had mixed attenuation [29] . In 38-50% of the cases, the portal venous phase was superior to the other phases in terms of the number of lesions counted, whereas in 23-42% of the cases, the hepatic arterial phase was superior to the other phases [29] . Six (3%) of these 206 lesions were seen only in the noncontrast phase, 28 (14%) were seen only in the hepatic arterial phase, and 6 (3%) were seen only in the portal venous phase [29] . In our recent series, we have shown that although most NELM were hypervascular, less than half of them were found to be hypervascular with washout. Moreover, there were significant differences between enteric and pancreatic NELM, as lesions with a pancreatic origin were more frequently isoattenuating on portal venous phase images, while enteric lesions were more frequently typical, and hypoattenuating on portal venous phase images [30] .
As most NELM are hypervascular, CT examination must include hepatic arterial phase in patients suspected of having such liver metastases.
Magnetic Resonance Imaging
The MRI characteristics of NELM have been reported in a relatively limited number of studies [20, [31] [32] [33] . The early reports showed that most of them were strongly hypointense on T1-and strongly hyperintense on T2-weighted sequences and could thus mimic hepatic hemangiomas [20, 31, 32, 34] . For this reason, the usefulness of contrast-enhanced sequences was stressed, and early enhancement and heterogeneity on contrast-enhanced sequences were described as the most common features of these metastases [20] . In addition, 15% of NELM were seen only on arterial-phase contrast-enhanced images and not on unenhanced MR images [31] . Dromain et al. [32] confirmed these initial data as most metastases were found to be hypointense (93-94%) on unenhanced T1-weighted images and moderately or strongly hyperintense (85-86%) (close to the signal intensity of fluid) on T2-weighted images: in a series of 37 patients with 359 NELM, most metastases were hyperintense on hepatic arterial phase and portal venous phase images (80 and 70%, respectively). In a per-patient analysis, the enhancement pattern was hypervascular in 27 patients (289 metastases), hypovascular in 4 patients (20 metastases), peripheral with progressive fill-in in 4 patients (34 metastases), and delayed in 2 patients (6 metastases). The 2 best sequences for detection of NELM were the hepatic arterial phase and the fast spin-echo T2-weighted sequence with fat suppression (322/359, 90%, and 279/359, 78%, respectively). These sequences were significantly better than unenhanced T1-weighted, single-shot fast spin echo T2-weighted, and portal venous phase sequences. The superiority of these 2 sequences was also confirmed on a patient-per-patient basis. Lastly, the T2-weighted fast spin-echo pulse sequence with fat suppression showed the greatest lesion-to-liver contrast-to-noise ratio, which was significantly greater than those obtained with unenhanced T1-weighted images, hepatic arterial phase, and portal venous phase images [32] .
On conventional MRI, the combination of hepatic arterial phase and fat-suppressed fast spin-echo T2-weighted images depicts most NELM.
These conventional sequences are nowadays challenged by other sequences such as diffusion-weighted MR (DW-MR) imaging and hepatospecific MR contrast agents.
Several reports have recently shown that DW-MRI improves detection, especially of liver metastases of colorectal origin [35, 36] . A retrospective study has compared the sensitivity and specificity of DW-MRI for assessing liver metastases from NET with T2-weighted fast spin-echo and 3D dynamic gadolinium-enhanced sequences, using surgical and histopathological findings as the standard of reference [37] . In a series of 162 NELM, it was shown that DW-MR was significantly more sensitive (71-71.6%) than T2-weighted fast spin-echo (47.5-55.6%), and dynamic gadolinium-enhanced sequences (48.1-55.6%) ( Fig. 1 ). The increased sensitivity was also observed in NELM smaller than 1 cm. Interestingly, the specificity of these 3 sequences was similar and ranged from 88.9 to 100% [37] . Recently, Moryoussef et al. [38] and De Robertis et al. [39] confirmed these results and also showed that DW-MR offered an excellent interreader agreement.
DW-MRI is more sensitive in detecting NELM than T2-weighted fast spin-echo and dynamic gadolinium-enhanced MR sequences and should be systematically performed.
Gadolinium ethoxybenzyl diethylenetriamine pentaacetic acid (gadoxetic acid disodium or Gd-EOB-DTPA; Primovist, Schering, Berlin, Germany) can be used for staging patients with liver metastases, irrespective of the primary tumor origin. Approximately 20 min after intravenous injection of Gd-EOB-DTPA, normal areas of the liver exhibit T1 shortening because of specific hepatocyte uptake of approximately 50% of the injected dose, whereas hepatic metastases do not exhibit T1 shortening [40] . Combined with the three-dimensional gradientecho sequence technique, which provides excellent spatial resolution, this hepatospecific MR contrast agent is useful in detecting small liver lesions including metastases [41] .
A prospective single-institution study, including 55 patients with NELM, compared T2-weighted fast spinecho, DW-MR, and gadoxetic acid-enhanced sequences [42] . The mean numbers of liver metastases were 20.7, 24.0, and 25.7 with T2-weighted fast spin-echo, DW-MR, and gadoxetic acid-enhanced sequences, respectively. However, these results were not statistically significant.
While several articles and 1 meta-analysis show that combining DW-MRI with gadoxetic acid-enhanced MRI significantly improves the detection of colorectal liver metastases [43] [44] [45] [46] , such studies are missing in NET.
Gadoxetic acid-enhanced MRI is in general more sensitive for detecting liver metastases than conventional MR sequences. Its role in detecting NELM is not fully investigated but seems promising. Table 1 shows the results of morphological imaging modalities (US, CEUS, CT, and/or MRI) in detecting NELM. Fifteen articles were found addressing this issue, including 8 prospective series [19, 22, [47] [48] [49] [50] [51] [52] [53] [54] [55] [56] [57] . The main limitations of these articles were the small patient population and the various methods of reference (i.e., not all histology). Only 3 studies used surgical resection as the method of reference, and only 1 performed anatomical surgical resection [56] . This last study revealed that most NELM were missed on preoperative evaluation. The sensitivities of ultrasound, CT, MR, and SSTR scintigraphy (SRS) were 22% (60/273), 21.2% (58/273), 32.6% (89/273), and 12.4% (34/273), respectively. The accuracies of US, CEUS, CT, MRI, and SRS were 38.4, 38.2, 37.6, 48.8, and 23.9%, respectively, whereas intraoperative examination had an accuracy of 51.9% [56] . . Among them, some were retrospectively visible on the T2-weighted images. All these metastases were histopathologically confirmed.
Comparison and Combination of Imaging Modalities
When using surgical resection and histopathological examination as the method of reference, many NELM are missed on preoperative imaging and intraoperative assessment. Table 1 demonstrates the results of MRI in detecting NELM. Five studies compared CT and MRI in per-lesion analyses and all showed an increased sensitivity with MRI. In all studies but one, which compared per patient analysis between CT and MRI, MR was superior to CT. The other study was performed in the early 1990s [48] . Schraml et al. [58] also suggested that whole-body MRI was superior to 68 Ga-DOTATOC multiphase positron emission tomography (PET)/CT for the detection of liver metastases.
MRI is a more accurate imaging modality for NELM depiction compared to ultrasound and CT.
Metabolic, Molecular, and Functional Imaging
The vast majority of GEP NET express SSTRs, most commonly SSTR2, on their cell membrane, allowing for molecular/functional imaging with radiolabeled somatostatin agonists or antagonists. In the early 1990s, a radiolabeled version of octreotide, Indium-111-DTPADPhe1-octreotide ( In-octreoscan, a mean sensitivity of 65 ± 13% (range 39-93%) and a mean specificity of 76 ± 11% have been observed [59] , yet it is inferior to both CT and MRI [52] predominantly due to its lack of resolution of subcentimeter lesions. 99m Tc-EDDA-HYNIC-TOC (and -TATE) has been shown in a large patient population to be superior to 111 In-pentetreotide for the detection of SSTR-positive tumors and metastases. [ Tc-labeled octreotide is 85 ± 6% (range 79-94%) and 94 ± 3%, respectively [61] . Iodine-123 metaiodobenzylguanidine ( 123 I-MIBG) has also been used in the detection of NET. However, it has been shown to have a lower sensitivity (49% compared with 91%) compared to 111 In-octreotide [62] . PET/CT imaging revolutionized the management of oncological patients by improving resolution down to 5 mm, enabling the detection of smaller lesions and providing synchronized CT for accurate localization. Fluorine-18 fluorodeoxyglucose ( 18 F-FDG), with avidity to highly metabolically active tumors, has been applied for the detection of NET, but its use is typically limited to higher-grade tumors that are in general more aggressive [63] . Wider utilization of 18 F-FDG PET has been suggested on the basis of its prognostication abilities in studies of patients with NET of varying grades [64] [65] [66] , and recent retrospective reports have suggested that dual 18 F-FDG PET/CT and SSTR-PET/CT may be predictive for overall survival [67] . However, the ramifications of identifying individual patients with low-grade tumors that are more likely to progress on surgical strategy for NELM are yet to be elucidated. The addition of 18 F-FDG PET to 68 Ga-DO-TA PET may be useful in patients with initially low-grade NET exhibiting aggressive behavior during the course of the disease as this could theoretically identify if the tumor is de-differentiating.
Analysis of data regarding 18 F-FDG PET/CT reveals a mean sensitivity of 52 ± 4% (ranging from 43-63%) and a specificity of 74 ± 5% (ranging from 68-82%), when analyzing all grades of NET (differentiated and undifferentiated) [64, 68] . With 18 F-DOPA, the mean sensitivity is 56 ± 12% and the mean specificity is 83 ± 7%, whereas 123 I-MIBG has a mean sensitivity of 46 ± 17% (range 33-68%) [69] .
Fluorine-18-L -3,4-dihydroxyphenylalanine ( 18 F-DO-PA) has been used in well-differentiated, hormone-producing NET based on its role in dopamine synthesis pathways with uptake proportional to tumor cell metabolism [70] . Carbon-11-hydroxytryptophan ( 11 C-5-HTP) targets the serotonin production pathway [71] . Unfortunately the short half-life of 11 C (20 min) restricts its use to facilities with an in-house cyclotron. PET radiotracers targeting neuroendocrine cell amine synthesis pathways or alternative cell membrane-bound receptors such as GLP-1R are also in (albeit limited) clinical use, although clearly their role in the evaluation of liver metastases has not been evaluated and can thus not be recommended.
A major breakthrough in PET/CT imaging of NET was the clinical introduction of Gallium-68 labeled peptides in 2001. In addition to the high resolution of PET imaging, this method benefits from a long shelf half-life of the 68 Ge/ 68 Ga generator (270 days) and the introduction of a new binding ligand (DOTA) as well as somatostatin agonists with very high binding affinity to SSTRs. This carries great significance and proved that early imaging with 68 Ga-peptides has a major impact on staging and the consequent clinical management of NET. The 68 Gaconjugated somatostatin analogues ( 68 Ga-SSAs) include 68 Ga-DOTATATE, 68 Ga-DOTATOC, 68 Ga-DOTANOC, and others. Studies examining 68 Ga-somatostatin receptor PET/CT report a mean sensitivity of 94 ± 3% (range Table 1 . 82-100%) and a specificity of 89 ± 6% range (67-100%) for liver metastases [72, 73] . Furthermore, the technique is capable of detecting tumor deposits not observed on morphological imaging in up to two-thirds of cases [1] . Recently, SSTR antagonists have been clinically introduced [74] and first phase 1/2 clinical studies show that 68 Ga-labeled SSTR antagonists are twice as accurate as the agonist 68 Ga-DOTATOC for detecting liver metastases in GEP NET patients which is mainly attributable to the favorable biodistribution and improved image contrast.
Results of morphologic imaging (US, CEUS, CT, and/or MR imaging) modalities in detecting NELM
Until recently, the commonest SSTR-targeting technique was SRS with 111 In-octreotide (OctreoScan); however this tracer has now been superseded by SSTR-targeted PET/CT ( Fig. 2 ) . The clinical consequences of incorporating metabolic and functional imaging with PET/CT into radiological workup are tangibly important. The study of Frilling et al. [72] examined the effects on patient management of including 68 Ga-DOTATOC PET/CT in diagnostic imaging for 52 patients with NET. Herein, 68 Ga-SSA PET identified additional LM and/or extrahepatic disease undetected by CT or MRI in 22 of the 33 patients with LM. Additionally, it altered management strategies in 60% of all patients, including cancellation of planned liver resection in 13 patients due to the identification of unresectable extrahepatic disease, and modification of initially planned surgical approach for 7 patients ( Fig. 3 ) .
A recent systematic review and meta-analysis (screening 2,479 articles) comparing 68 Ga-DOTATATE PET/CT with 111 In-octreotide and conventional imaging for diagnosis and staging of NET supports the superiority of 68 Ga-DOTATATE PET/CT for diagnosis or reassessment of tumors with high SSTR expression [75] . Additionally, 68 Ga-DOTATATE PET/CT provides lower effective radiation dose, superior image quality, and greater patient convenience via a shorter examination time than 111 In-DTPA-octreotide imaging and therefore should be used where available.
Armbruster et al. [76] compared the accuracy of dynamic contrast-enhanced (DCE) MRI with both Ga-DOTATATE ( a ) showed significantly more liver metastases than 111 In-octreoscan ( b ).
PET with radiolabeled somatostatin analogues is a practical, highly accurate functional imaging procedure (and the modality of choice) to assess the resectability of liver metastases in well-differentiated NET. 18 F-FDG PET/CT is the functional imaging modality of choice in higher grade and/or poorly differentiated NET.
Experience with other tracers, such as the recently developed 64 Cu-DOTATATE is limited; however, promising reports have demonstrated its superior ability in detecting NELM relative to CT and SRS [77] . In a comparative analysis of 64 Cu-DOTATATE and 68 Ga-DOTA-TOC PET/CT in 59 patients, there were no significant differences between the numbers of detected liver metastases, although the >24-h shelf-life and scanning window of at least 3 h have been posited as benefits of the former [78] . Furthermore, recent studies of 68 Ga-SSA PET combined with MRI have been extremely encouraging, yet more research is required in this area before routine implementation is warranted [76] . In NET patients with inconclusive imaging or a lack of visualization with SSTRtargeted modalities, radiotracers targeting neuroendocrine amine metabolism have emerged as promising alternative options, namely 18 F-DOPA and 11 C-5-HTP. PET/CT using the former appears to be probably more sensitive than the latter for detecting LM from functionally active, serotonin-producing enteric NET in some patients, whereas the converse is apparent for LM from pancreatic NET.
Detection of Vascular and Biliary Invasion
Despite extensive literature search, we have not been able to find a definitive answer to the question of which modality best detects vascular and biliary invasion. Notably, NELM are in general well-circumscribed nodular lesions, in contrast to other liver metastases which are more lobulated. This may explain why vascular and biliary invasion is seldom evident on preoperative imaging. Nev- ertheless, CT and MRI should be the best imaging modalities in preoperatively detecting vascular and biliary invasion.
Preoperative 3D CT-assisted surgical planning and 3D CT-guided intraoperative navigation have been shown to be helpful in patients considered for complex resection strategies [79] . Its main advantages are the individualized inflow/outflow virtual analyses and the accurate determination of safely perfused/drained retained liver volumes. In a prospective study of 202 consecutive patients with various liver tumors who underwent advanced surgical procedures, 3D CT computer-assisted surgical planning either changed the 2D conventional CT based strategy or provided an entirely different approach in 33% of instances. As most surgical candidates with liver metastases from GEP NET have bilobar spread of disease, surgical procedures are often complex and may benefit from this technique [80] .
Combination of preoperative imaging modalities with intraoperative ultrasound including color Doppler scanning is meaningful, especially when addressing hepatic vein landmarks for the determination of the resection line. The bimodal ascertainment of this important operative facet provides the surgeon with additional confidence during the surgical procedure as preservation of hepatic veins in turn helps to preserve the drainage and thus function of the liver remnant [81] .
Detection of Extrahepatic Disease
The prevalence of extrahepatic disease is very different in patients with small bowel or pancreatic NET; while the latter mainly present with peripancreatic lymph node metastases, metastatic spread to mesentery including the mesenteric root is a hallmark of small intestine NET. Bone metastases are seen in both tumor entities. Ultrasound, CT, and MRI provide useful information, with variable performance, depending on the metastatic site. Yet, the power of 68 Ga-SSA PET/CT over morphological imaging in assessing the oncological resectability of NELM depends also on its increased ability to detect extrahepatic (especially skeletal) metastases [82, 83] . Of note, the impact of small volume bone disease -frequently detected with modern technology -on the biological course of neuroendocrine disease remains unclear. Molecular imaging with such radiotracers is highly sensitive and enables the obtainment of high-quality images capable of detecting lesions outside the abdomen with high interobserver reproducibility [84] . Indeed, 68 Ga-DOTATOC PET/CT has the highest mean sensitivity of 90 ± 4% (range 85-100%) and a high specificity of 79 ± 5% (67-97%) for detection of extrahepatic metastases [73, 82, 83, 85] . The sensitivity of 111
In-octreoscan for metastases outside the liver varies widely from 22% (skeletal metastases) to 90% [86, 87] .
Patients with pancreatic or small bowel NET often present at a late stage of the disease with metastases to regional lymph nodes, the liver, or peritoneum occurring in up to 90% of patients at the time of initial assessment [88, 89] . Resection of the primary tumor and locoregional nodal disease in the presence of nonresectable LM is effective in relieving local symptoms frequently seen in these setting; however, its effect on overall survival needs further assessment [88, [90] [91] [92] [93] .
Mesenteric disease can form large masses within the small bowel mesentery, which are frequently accompanied by desmoplastic reactions and fibrosis in surrounding tissues in a characteristic "spoke wheel" appearance [55, 94, 95] . Masses usually arise within the fat or nodal tissue of the small bowel mesentery, although the exact nidus of metastatic tumor growth in the mesentery is often not certain. On CT, they appear as an ill-defined mesenteric mass containing calcification in up to 70% of cases [96] . The mesenteric mass may appear to be spiculated with a stellate pattern. Occasionally, the tumor may appear cystic [97] . The size of the mass can vary from 1 cm or less to several centimeters, and due to the mesenteric fibrosis and desmoplastic reaction, the mesenteric vessels may be involved. Multiplanar reconstructions and threedimensional CT angiography might be useful for surgical planning [97] . Thickening and ischemia of the involved small-bowel loops may also be seen as a result of mesenteric vessel encasement [97] . On MR images, the mesenteric metastases appear as nodular, spiculated lesions with an isointense signal on T1-and T2-weighted images [31] . On postcontrast T1-weighted images, they enhance homogeneously. Associated adjacent mesentery stranding -seen as thin, hypointense strands on T1-and T2-weighted images -is often seen [31] .
In 64 patients with NET of the small bowel, mesenteric metastases were seen on imaging in 47 (73%) and were present at laparotomy in 56 (88%) patients [55] . Twelve patients of this series (21% of patients with nodal metastases) had mesenteric metastatic lesions that could not be completely resected because of invasion of, or close proximity to the superior mesenteric vessels. In 9 of these 12 patients, preoperative imaging with CT and/or MR suggested the involvement or close proximity of the superior mesenteric vessels to the mesenteric metastases 84 [55] . In another series [51] including 34 patients with small bowel NET, 18 had positive lymph nodes and MRI identified metastatic lymph nodes in 11 of them (61%). Metastatic lymph nodes seen in the distal mesentery allow in general for complete resection of the locoregional disease. Those situated on the level of the mesenteric root require more extensive surgery or may even be not amenable to conventional surgical techniques [98] . As small bowel-sparing surgery is a crucial issue, some groups have proposed a preoperative CT classification of mesenteric lymph nodes that aids standardization of the surgical management of those patients [99] . It must be also stressed that due to its high sensitivity and specificity, 68 Ga-SSA PET/CT accurately localizes primary NET and metastatic mesenteric lymph nodes, making radioguided surgery feasible.
Seeman [53] evaluated low-dose CT, contrast-enhanced CT at the portal phase, PET, and combined PET/ CT. The author showed a low sensitivity of low-dose CT compared to CE-CT for lymph node depiction (25.4 vs. 64.8%). PET imaging was superior to CT and the best combination was PET and CE-CT. The role of MRI and PET/MRI has also been evaluated for lymph node metastases, demonstrating that CT was superior to MR and PET/CT to PET/MRI [100] . In another series of 27 NET (mostly of small bowel origin), multidetector contrastenhanced CT was more sensitive than SRS for detecting extrahepatic metastases [101] . The lesions that were not detected by SRS were retroperitoneal lymphadenopathy, bone metastasis, peritoneal implants, lung metastasis, and mediastinal lymphadenopathy. More recent data have demonstrated that whilst 68 Ga-SSA PET/CT may identify additional lesions undetectable by CT and MRI in the preoperative staging of small bowel NET, all imaging modality classes are hindered by their limited capability in depicting lesions smaller than 1 cm in size, notably miliary liver metastases and multifocal primary tumors; indeed, meticulous intraoperative exploration may be superior to radiological preoperative imaging in assessing true disease extent [89] .
Peritoneal disease in patients with small bowel NET is reported in 20-33% of surgical cases [102, 103] . The prognostic significance of peritoneal metastatic disease from NET and the optimal management of this entity remain uncertain [102] [103] [104] . On CT, peritoneal metastases present as multiple peritoneal implants. On MRI, they demonstrate intermediate signal intensity on T1-weighted images and an intermediate signal or moderately high signal on T2-weighted images [31] . These peritoneal implants are hypervascular, showing moderate to intense enhancement on early postcontrast images and decreased enhancement on late postcontrast images [31] . In one study [55] , peritoneal metastases were seen on preoperative imaging in 4 patients (6%) and found at laparotomy in 16 patients (25%). Recently, Moryoussef et al. [38] suggested that whole-body diffusion-weighted imaging may identify more lesions than conventional whole-body MRI sequences.
Besides liver metastases, the most common metastatic site of small bowel NET are mesenteric lymph nodes. Encasement of the mesenteric root or close proximity to the superior mesenteric vessels may preclude standard surgical resection. CT and MRI are helpful to assess resectability, but may understage local extension. SSTR-targeted PET/CT detects lesions that CT and MRI cannot depict, and therefore offers in addition to preoperative imaging, the prospect of radioguided surgery as a potentially useful option for small primaries and locoregional lymph node metastases. Yet, all modalities are limited in terms of identifying disease deposits smaller than 5 mm.
The role of imaging in assessing extrahepatic involvement in pancreatic NET has been less extensively studied than in small bowel tumors. In a series of 131 pancreatic NET, the sensitivity of CT and ultrasound for detecting extrahepatic metastases was 23/35 (66%) and 15/32 (47%), respectively while specificity of CT and ultrasound was 98 and 100% [50] . Nodal metastases can be seen on contrast-enhanced CT and MR [34] . They are usually more conspicuous on the arterial phase than the portal venous phase [28] . They are mostly seen in periceliac, mesenteric, portocaval, aortocaval, and retrocaval sites.
Peripancreatic vascular involvement can be seen, although it occurs less often than in pancreatic adenocarcinoma. Contrast-enhanced CT and MRI are the key imaging modalities. Arterial encasement is more readily visible on the arterial phase, and venous involvement (superior mesenteric vein, portal vein, and splenic vein) is better evaluated in the portal venous phase [28] . Although uncommon, enhancing tumor thrombus in the splenic, mesenteric or portal vein is highly specific for NET [28, 33] .
Pancreatic NET may extend to peripancreatic vessels and regional lymph nodes. Vascular assessment is best performed with CT or MRI. Combined morphological and functional imaging should be proposed for depicting nodal metastases. In addition to morphological and functional imaging, endoscopically guided ultrasonography (in combination with fine needle aspiration biopsy) has an important role in assessing of pancreatic tumors.
Conclusion: What Imaging Workup Should Be Done?
In conclusion, and based on the evidence discussed above, we would like to propose the following practical recommendations for the radiological workup of NELM in order to identify patients suitable for treatment with curative intent: -Initial workup should include contrast-enhanced whole body CT to evaluate the liver burden, classify patients with regard to their liver infiltration pattern, and detect extrahepatic disease. At this point, the patient should be discussed in a multidisciplinary team setting to assess the possibility of liver resection. -If the patient is considered for hepatic resection, liver MRI including diffusion-weighted imaging and injection of hepatospecific contrast medium should be performed to better evaluate the extent of liver disease. Metabolic imaging with 68 Ga-SSA PET/CT should also be performed with a primary aim to detect extrahepatic disease.
-If resectability is not identified as being attainable, treatment decisions will rely mainly on CT and functional/metabolic imaging (details are beyond the scope of this article). -Follow-up imaging strategy depends on the pursued treatment pathway. Patients who underwent liver resection should be ideally followed by MRI, although contrast-enhanced CT is still first-line examination in daily practice. Metabolic imaging is useful in cases where morphological imaging indicates recurrence.
